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«Rsp8 -346351 
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02) ^mm 


iuffl fo* 








«jS««K«m2-13-29 »SC#tt#« 
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(2) 

1 

[11*117] mm^m^ ft^:^^^'r^'^mm±. 
i^vi^t mm^^^:^t ^mm-^m^:^ ^^t^m.^:^':^ 

fto 30 

nrV-/i^i^y>^ (-fix^R n SiHi-n (n=l~ 
4) ) , T/U=:^^iyZy^l^ (— fl^^(RO)n SiH4-„ (n = 
1—4) ) , mikiytj^'^:^ (-^^R „ H3-nSiO(R k 
H2-tSiO)m SiH3-nRn ( n = 1 — 3 ; k = 0'-'2 ; 

0) ) . rnVti^U^-^XOm^^i^ (-J^^(RO)n H3-n S 40 
i0SiH3.n(0R) n (n^l—a) ) 3^^lS4*i/^:3r1^>' 
(-^^(R k H2-k SiO)n (k = l. 2;m^2) (fB 

(03 ) , (O2 ) , N2 O, NO2 , CO, CO 
2 X(±H2 0£0^^v^-ri^;)^T'fo^r ^^1#fg^1--5li 



1 0- 1 8 9 5 7 7 

2 

[li*ril 2] mit5#/i4^(0^lfe^flf(DM/?:^p§b 

m i.xmm^^mm:^-^'r^}t^ti^{^^mm-r^ ^t\^ 
fi*ii 1 75^ff*ii 1 1 coi^-rriM::.mm(Dmm^BM 

im^m 1 5 ] mm^mi^i^(Djt^mmi'±. 

n 

^mi^1^co^:b (or ) =Z (t , xa, ) 

i =1 

[|g*ili6] mm^m^i^<Dm:ti (ar ) +3 
X 1 05 dyne/cm J^T^t:*^!^ ^) i^;;;^3?:^lJBESI/^;^;^^T^6 

^ t ^m^t-r^tn^m 1 5 iz.mm(rymr^'^m(om^ 

[tS*Jl 1 7 ] t«*if 1 7!;^tS*iI 1 6 co\.^-rM^\C 

im^m 1 8 ] 1**11 1 jb^m^m 1 e (7)iN-rix;5^t;i 

[1**112 0 ] f**il 1 7 7!?^f**il 1 9 ou^-rnT^^ 

mm. 

[0001] 

[;^ii±(o^ijffl5>^] :^mmi±. mm'^m<Dm^:^ 
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(3) 4#gS¥l 0- 1 8 9 5 7 7 

3 4 

10 0 0 2] h-hm^xmMx^^^^ 

m^m^m^-t^um^-^'^u-r^t'^^hmf^^mm^^ i o o o 4 j 



SOGIP 


O 


O 


X 


TEOS/0, «rCVDK 




O 


O 




X 


X 


O 




© 


X 


@ 



[0 0 0 5] H^i^>i±o^^ifi«ire^(7)jirpmsmi u 

tf. :7''^X-^CVD^^. TEOS/03 ^CVD^-^SOG 
[0 0 0 6] mz.\±. :7^^X-7CVDMfi-®(:iK^;6^ 

ECR, I cp-^-^y r3v:r^x-7^co^s^^g>^^x-7 
[0 0 0 71 mwm^h LTffll^^r ^^^-e^5±s 

(a) ~ (d) (::;^-ro 
©XvX-^CVDK+SOCm (HlO (a) ) 
(2)>^^X-^CVDJK+ TEOS/03 I^CVDJS (HI 1 0 

(b) ) 

®XvX-7CVDK¥^ ( + CMP) (IHIO (c) ) 
®i§^^*X^X-rCVDM^ (4-CMP) (HlO 40 
(d) ) 

Tffl I ^ b tt ^ r i: tl-> ?i I. \ 
[0 0 0 8] 

t LTffl^/^6 - h t-x^^}Ltz^mmmm±s^xY(omi 2 

[0 0 0 9] 30 



[*2] 



TEOS/O3 ^CVDim ?l^on^:;ti 



[0 0 10] IP-^. ®^®£7)^^. SiA;^tttIpt0t^6r) 

ct^/^Bf. ip-^. S OGMsSit^fi^C VdK (TEOS/O3 m 

cvDJ^^) i'±-mz.^mv^^:b^nox^y). mz. 
mcvr>mo:>m'^. mi 1 (b) i^^-rx^i^c. mm^ 

i^. h-^^mK "LfccDxn. mil (a) iz^-rxo 

[001 1 ] ^fc. ^^^t LT>Si6r:^ 

mjt^tf^^-t^mmmBmxEim^^m-r^ztT^-m^ 

[0 0 12] ^hi^. ^^^m:^m<^J:D. ^:yX1^^X 
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5 

[0 0 13] :^mmn. m^^ijt^m(omm.^j^m^xM\ 
^\.-nmr^i&mm(D^ y^y:^ <Dm^^nm-t^ -t:d-x 

[0 0 14] 

■^mm-t^ z t ^m^t-r^m i (o^mi^mm.(omm'^ 
mm{Dmj^:^m^^'oxm^^t^. msio^Mxh^. 

{cx-^xm^^n. m4(Dmmx^^. ff-m^t^^ft^ti 

'^BmcDm^:^m^x-Dxm^^f\^. msco^mx^ 

lyvr^ >^^mmBmtx^^ - 1 ^mm t-r^mA com 
m\^m^<Dmm^mcom^:^m^x-Dxm^^h.. m 

xm^^^. m7(D^mx^^. mm^mv^^:ti:t^-r 

l::J:oT^ft:^H. mS(D%mx^^. mU^m^^^^ti 

(Dmm'^m(Dm^:^m^xoxm^^tv. m9(omm 
(r>mTiimm^(om^:}5m^x.-:>xm^-^i^. miocom 

-/Uiyy> (-®^R n SiH4-n (n = l-4) ) , T/u 
^^yyylx (— je:^(RO)a Si Hi -a {n=l'-4) ) , 



(4) ^mW-l 0- 1 8 9 5 7 7 

6 

l^t^i/O^i^V (-^^R n H3-nSiO(R k H2-1cSiO)m Si 

H3-r,R„ (n-l-3;k = 0 — 2;m^0)). 

-yU^ir^^^ODrnmi^ (-^§:^(RO)n H3-n SI0SiH3-n (OR) 

n (n - 1 -3) ) 3^fi^t^e/D:^ri^> (-|S^(R kH 
?•). SiO)m (k=l, 2;m^2) (mt. Rl^T^i^^ 
/i^S. T V -~^i-&Xl^^(DWmi^) ) (Doh\^^irix:d^X 

tzm<rjmr^rffmm(Dmf&:^m^x-Dxnm^ti. mi 1 
(D^mxh^. mmmm^^:^^^n. :ty> (03 ) , 
10 mm (02 ) , N2 o, NO2 , CO, C02 xnn^ 

xm^^ix. mi 2<ommxh^. mm^m^(D^^m 
m(Dmm^mmLxmm^m^it^<Dft^ti^mm-r^zt 
^m^t-r^m 1 ibmm 1 1 <DmM(D\.^irrL^^i,z.mm.(D 
mmmm^(Dmf&:^m^x<^xm^^^. mi scomm 
x^^. mm^m'p(D^'^mm(D^m^n^mm:Lxm 

m^m^i^cDfiL^ti^mm'r^ r t ^mmt-r^m 1 Jbm 
20 mil (D^m(Dh^'mMzmm.(Dmmmmmmm:^m 
{zxoxm^^ti. mi 4(D%mxh^. mm^'^mm 

zfyx-^±f&mtKDmi^m. mm^mmmm--(Dy< 
pjmz.x<>xm^^tL. mis(D^mxh^. mm^m 

D 

30 0m^i^(O^y3 (Ct ) =S (t , X0I ) 

i =1 

n^m^(Dmi^^(ommm<D^^ti {^mv^^tfmE(D 
)±mjt^tini^(Dmx^^^ ) ) \:ix^rfo-t^^ 
mt-r^mi 2(DmM\^tm(omr^'^mm<Dmf$,^m:^ 
x^xm^^n. mi ecommxh^. mm^m^i^(D 

(ar ) + 3X105 dyne/cml^T£0?l?S^Jf^ 

tixr±j±mmtix^^-t^m&t't^mi 5<D%miz. 
mm(DmmmBm(Dm^:^m^x-^xm^^^^ mi 7 
40 (om^xh^. miJb^mi 6co«§^col^-fi^^^^^t£iE 
(omr^^mmmm-^m^x ^su±.(D^i^^^mi^x 

m^t'r^^^mi^mm(Dmm::^mcx^xm^^t\^. m 

1 ScD^mx^^. miJb^mi 6<7)^PJ£Ol^Ti^;6^^c 

mm<f^mf^mBB:aym^:)5m^xr)m^±.<o^^^^w 

^mfm^^jE:m-t'^m-^^'h-x-m^^ 

m^^^^^mm i.xmmnm^nfcmms&mm±i^<D^^ 
50 t]^mm-r^ - 1 ^mmt-t:^^m^{^mw:(omm:^m\^ 
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(5) 



#rJ¥ 1 0- 1 8 9 5 7 7 



8 



/c+Sxi O^dyne/cm) SXTl^mmt. J: 
[0 0 16] ^/c. LT. 

t\^xD^mm(D^^tim^mm-r^ztt-x^^^ rco 
^m\^^xmmmBm^i^<D^^t}^m&x < $mir^ - 1 
10 0 1 7] ^mM(D^mi^'^mRu^<Dmm:^mz.x 
i.xjit^ti(Dm^^^fzsm'^Bm^mfS.L^x\^^^^ 



[0 0 18] -^fz. mmBmm.(Di^yy^m^m'^§m 
mm'^Bm^i!ri.xm^^^m^^mm-r^ -t^-'^mt 

[0 0 19] 

(I) mi (oMMcomm 

•SoIillCa), (b),lll2(a)'-(d) {^^-r? 

mm(om4 (31-57) ^^i^fc^ 

[0 0 2 0] (S KDi^ffA) mi (a.) {rSS^^it^^ 
'9ff^J5£^nyt*fe^JII>lrPECV0 m (yyX-^CVLfm) t 

fi. ^mmv^mxco^m^v^cDJt^tJx^y) . 

-efe5o (J. Vac. Scl. Technol. A. VoU. 

No3, May/Jun 1 986, p645-549) i:ni:o/Co )^T. ^4 

[0 0 2 1 ] 
[*3] 



(jum) ( xjo'dyne/cm) O^ii 



ma (22a) 


PECVD M 


0 . 


2 


- 0 . 


3 S 


2gB{23a) 


THCVD K 


0 . 


5 


+ 0. 


5 3 


3 g § (22b) 


PECVD m 


1 . 


0 


- 2 


0 


4 g a (23b) 


THCVD 


1 . 


4 5 


- 1 . 


4 


5eB(22c) 


PECVD m 


0 . 


4 


- 5 . 


4 


6 g a (23c) 


THCVD 


1 . 


4 5 


- 4 . 


5 


7 ® a (22d) 


PECVD K 


0 . 


4 


- 9 . 


C) 


sua (23d) 


THCVD Jg 


1 . 


4 5 


- 8 


3 


sea (22e) 


PECVD 


0 . 


4 


^ - I 


f 0. 



[0 0 2 2] ±iB£D* 3 T% v X-^ C V Y>m(D^mn 5o 

(SlSSCCM) TMSdSsccm) 4-N?0 (450sccm) 

S;^ 0.7 T o r r 
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(6) 



mm^^ 1 0- 1 8 9 5 7 7 



JO 



±tS^^^#T'. -3. 3X105 dyne/cm? O 

±m^m^^'C\ +2. 2X103 dyne/cm2 CO 
[0 0 2 4] ±te:r^X-^C VDfe^I/mC VD 

i^v-^V : HSi (OCHslO ^TEOS ("r h y Zy 
i; ^— h : Si (0C2H5)4) ^>^U^T^/^^z5^ Tju^ji-iyy 
:yJL\±T')—;\^Z^y:y (— n SiH4-« (n^l — 
4) ) , T>'l-:='^v'v-^>' (— ^5^(R0)n SiH4-n (n = 
1—4) ) , mW^^^^iy (— n H3-nSiO(R v 
H2-kSiO)m SiH3-.R n (n=l--3 ; k = 0~2 ;ni^ 

0) ) , m^t^^^-^l^^m^^ (-l^^tROlnHs-n Si 

0SiH3-n(0R) n (0=1 — 3) ) 3^^:i^l^^v-u^i^> ^. 



15 0 W 
13. 5 6 MH z 
15 0 W 
3 8 0 kHz 
3 3 0 °C 
1 5 0 nm/^j^ 

* [0 0 2 3] $ bic. mcvum(0]^&mm^mv(Dj&m 

TEOS(1 500SCCM) +O3 (5% in O2 7. 5 I) 
4 0 0 
8 7 n 

(-^^(R k H2-kSiO)m (k=l. 2;m^2) (fa 

[0 0 2 5] ^/c, t LT^^ (O2 ) ^ 

^y^^ (O3 ) ^fflv^Tl/^^;6^. N2 O, NO2 . C 
O, CO2 3^flH2 0<0 9 ^l^TtL^^^>ffii/^5r t^^^T 

(S2(D{^^) 1^1 (b) i::^I/lffiit^^L. ^4tc^ 

[0 0 2 6] 
[^4] 



^y y 9 

(xtm) ( X lO^dyne/cni) <0^M 



1 e g (22f ) 


PEcvD m 


0. 


2 


- 0 . 


5 8 


2 H a (23e) 


THCVD m 


1 . 


2 


+ 2. 


0 


3 g a (22e) 


PECVD ^ 


0 . 


3 


+ 0 . 


9 2 


4gg(23f) 


THCVD m 


I . 


5 


+ 4 . 


0 


5 g B C22h) 


PECVD )g 


0. 


3 5 


+ 2. 


A 


8®gC23g) 


THCVD 1^ 


1 . 


5 


+ 5. 


8 


7Jgg(22i) 


PECVD m 


0 . 


3 5 


+ 4 . 


0 


8 Ji a (23h) 


THCVD K 


1 . 


5 


+ 6 . 


7 


9Ma(22i) 


PECVD m 


0. 


2 5 


+ 4 . 


-7 

r 



^0 



[0 0 2 7] ±IS(?:)^4T% :/^X-rCVD^(7)J5feSI^ 



(SScDi'f^) 01 (b) iCffiSflti^^^b. ^5f-^ 

[0 0 2 8] 
[^51 
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11 



(?) 



mmW-l 0- 1 8 9 5 7 7 

12 



(//m) (xio^dyne/cm) (O^M 



I llB(22f) 


pEcvD m 


0. 


2 




- 0 . 


6 9 


2 H @ (23e) 


THCVD 


1 . 


2 




+ 2. 


3 


3 g S C22g) 


PECVD 


0. 


4 




-1- 0 . 


6 


4 Pg(23f) 


THcvD m 


1 . 


4 


5 


-i- 3. 


7 


5 g @ (22h) 


PBCVD 151 


0 . 


4 




+ i . 


5 


6 g g (23g) 


THCVD m 


I . 


4 


5 


+ 5, 


I 


7gE(220 


PECVD ^ 


0 . 


4 




+ 2. 


6 


8®g(23h) 


THCVD m 


1 . 


4 


5 


+ 5. 


3 


9^g(22j) 


PECVD M 


0 . 


2 




+ 3, 


4 



[0 0 2 9] ilBtO^ST-. z/^X-^CVDHco^BlPt 



* (S 4 0^^J5g) 



^m^^h^mti:>^mx-. SKoWFM'^^co^^tm [00 30] 



12 (a) iz^mmmi^^^v.. ^6f^«- 



5 

( X JO'dyne/cm) t^W^ 



1 H a (22k) PECVD m 0.1 -0.3 

2^B(23i) THCVD m 1.5 +3.4 

3g@(22l) PECVD K 0. I 

4ga(23j) THCVD Ig 1.6 +6.8 



[00 3 1 ] ±^C0^6T% :7'^X-v'CVD^iO^JK^ 



[0 0 3 2) 
1*71 



1 m a (22m) PECVD 1^ 0.1 -0,34 

2 g g (23h) THCVD m 1.5 f 3 . 4 

3 ^ a (22n) PECVD Si 0 . 1 

4 e 9(231) TKCVD ^ | , 6 + S. 8 



(Aim) ( X 10^ dyne/cm) cd^^ 



[0 0 3 3] ±^(D^ 7 T% -^=7 x-v c V DMco^j5gB# 50 fi\zk9\'(D^m^m'i^m t h ^iiT\ s 1 (oymv^^co 
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(8) 0- 1 8 9 5 7 7 

13 14 

[0 0 3 4] 



ium) < X lo^dyne/cm) cD^if 



1 ® g C22p) PECVD Si 1 . I -3.2 

2 H @ (23in) THCVD m 1.2 -0.65 
3llg(22q) PECVD 0. ] 

4 ^ B (23n) THCVD ^ 1.7 +2.7 



[0 0 3 5] ±fB(0^8-X:\ X-v C V DBIco^^B# 



^ (S7(75^^^) HI 2 (d) i^msmm^^L. m9{z^ 

[0 0 3 6] 
^'20 [^9] 



ium) ( X loMyne/cin) 



1 m @ (22r) PECVD ^ 1.3 
2Ji@(23p) THCVD K 0.5 



[0 0 3 7] ±fB(D^9T% >^yX-^CVD^tO^I^B# 

t ^ ^ ^mx% s 1 o^f^^co^'g' t m 

\:^Xh^o ]^{-. ±tB^3~^5S:i:^^n/ci^;^{ii7i^ 

^r4S 1~S 3i::ol^T^®^I®L/c^to#^fea 
S^co^gM^ It 5 f£;;^ <omt(omi'^'^ t mz^^\z 
ou>T!gl3 (a) , (b) f^^-To 

[0 0 3 81 1^3 (a) m^ifiS]^/¥^:lol^T^-r 
^.T^L. «i6(iffi®s^.^-t-o gi3 (b) ti. ^^mm 

m~m^^n&^X^\^fz^t^f}m (x 1 0- dyne/cm ) ^ 

^b. ^m-mMW^^-To @3 (a) , (b) \z.ffz-t 
PECVD m^mm\> m(omm^m^-t^z.t\z 

^^^s \(D^o\z. PECVD m(omw-tm\^^^^. ± 

THCVD m(Dmm(o^tm\^^m^\a±. ^w^tx. 
x^\^mv(i^tit^^m\^^^h. SI, S3i7)^^, mm 



-3. 9 

"0.17 



[0 0 3 9] f^-^. UPrS 2(7:)|g6SgtOTHCVD J^2 3 
g^ff^J^Ufcm. ^ bf^m7^ec?:)PECV0 ai2 2 i ^?F^ 

^\.fzt^\z^^y^t-m^i.f-^ ^=7^y^\^mm^m 

5 t ^ ^ ^> ^ ;6-^^-r 5 r ^ ^^LTvn^S. 

5 dyne/cm -Crfb»^^%;t^tv^o ^/c. P^^S2{-ioi^ 
T. ||6Sg(?:>J5gSf=^(-i^;:^;6^Kf-5. SxiO^ dyne 
/cm ^5i^oTV^^{:ifc:6^;&^t?^-r^ ^ ^y ^ b/^l ^ 

T% w^7mu(D^mmz.^^tit^\^T\.fz\zi^t^t^f:>h-r 

^ =7 ^y^-^^^\Lfz(0\^. ^S^O^Sici:^ ^%xbrt5o 
Hp-t:>. ^6® gt7)THCVD J3^2 3 g»lP^Mf;iJ:or;^ h u 

^7^g<OPECV0 HI2 2 i ^^J^'^i;i:7^yX 
-^{^^^^x^cTHCVD SI2 3 g :6^^co|Ji7ki^J: oT THCVD 
M2 3 g(^;7. h i/^;6^a5^&t){:i±i;^L/c/cJ6T'fo-5 t% 

[0 0 4 0] ^fc. ±M^Q>-^ms\z9f^^Mz)^^timiy^ 

nns 4--s6\z-Dh^x^Bmmvtzt^<D^mm 

Ol^TlE!4 (a) , (b) iZ^-to m4 ( a ) Jl. 
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13 

4 (b) fi. ^'^mcomm'^\ci6if^mtf(Dm\:(Dm 

(X 1 0^ dyne/cm ) ^^L. IHI^H^BSl^^.T^-t-o 
[0041] 114 (a). (b) {Cl^-r i: 9 3 OfD 

19. S4, S 5(C>>y S6Sc(^>>v:y^ 
z55^^L/c^:0-ofc. -(O^-g^^. [US (a) . (b) <D 
m^tmil^X^iC. ^^:y^^^PI#(0/^^;^lt^4-6 X 
1 0- dyne/cm X'h^ ^tc. %^](Dmm^ 10 

®fflH+2xi05 dyne/cm ^^kTXh^ Z. ti)^^:^f)^o 

(XI 03 dyne/cmO ^^L. ^WH^^Smj^co i: # ^ 

7'ceib\ JlfB^g^^Cjol^rK^P^^7)illa^7>Ma^l4 0 20 

[0 04 3] [Us t^^i- J: 9 t^. S±ii^^THCVD IST'^ 
^^;^S 4~S 7-e(l. PECVO ^Tfc-5^3pfS 2. S3 

^Lrv^^. /^^;^^^i5^«i;?L5 - ^^b^i^^^^T^fj^-^, pecv 
[0 04 4] u±(Dmik^^:^^h. mmm^i^^cD^^tin 

JL^JlTo^i;:: i 19 tf^-r ^ ^ ^ d^T-# -6 r ^ t556-o 

D 

mmm^i^<ois:^tf (ai ) =s cti xa, ) 

i =1 

m n ti^fssis:. t i (1 i s g (D^mcomm ( c 

m) . ai (1 i ^ S (0*fe^tD;£::;^j (dyne/cmO T'^ 

[0 0 4 5] ^7 :^^-^CVDm<D^^ti{^a ^-3X10 
5dyne/cm? t L. VDiioj^;;^iM a ^ + 2 x 1 0 ^ d 
yne/cm^ ^ LT±tBtt^^Tft® U/c^^;^®}!. ^3- 
* 9 (DSJ^ $ n/c;c;;^{il t i: < -gci" ^-t ^mm L 
fCo -^fc. t:^^y^(D^Cfj:h^}t^:bmm\'±S2. S4. 

5 5 i 59>fl-^-l- 3X1 O^dyne/cm i^TT*^^ ^ t ^^5^ 

^2X109 dyne/cm^ ^-r^ flC VD^fe«-<i:^i>y 
[0 0 4 6] ^^oT. tf^^(OfSMSg^#:(OS;:/a^;^::^j 50 



#gi¥l 0- 1 8 9 5 7 7 

J6 

(S i ;i±T^*l+ 3X105 dyne/cm . X^TjV^ 
^"i? Aji±T(l4- 2 X 1 05 dyne/cm) {zt^Ml^. Z,(D 

[0 0 4 7] ^r|x.|-f. :7^yX-^c VDSf:iJ:^l6^J!Ic/:> 

x^^mxh^.-^cD^mm^me (a) - (e) 

v^^7)^. IMS +N20 ^(DK}t^:^':^^m\^^ti t ^ hm\m^^ 
fttimm^mxhh^ 

[0 0 4 8] ^fz. mcvDm^x^'^mmcDjt^tjmm 

if) . ^BMrUg. ^fii/- h^CiJ: '9'^t^T-fe5o t<D 

mmm^m7 (a) - (c) s^^-To utte 

m:^x ^m}&^tifz^mi±j&mm^^i^^^A^-r^:z 
ti^x '^xm<D}t^^ t^}±m}t^:^mi^-rtLX i ^ ^ r ^ 

[0 0 4 91 ( 2 ) :^^m(Dm 2 <7)mS<7:^?f^^ 

[I18 (a) ~ (c) \x:^^m<Dm2(DmM(DmB^^^^^ 

gfr®IIlT-fe6o 118 (a) tl, ^m^^^l 0 1 iii;::^ 
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